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Several  additional  papers  are  under  preparation  and  will  be  submitted  to  the 
agency  as  they  appear. 

Appendix  I  contains  a  list  of  all  the  papers  published  and  the  copies  of 
these  publications.  Since  the  papers  describe  the  results  In  detail,  we 
believe  that  there  Is  no  need  to  repeat  the  Information  here.  The  following 
text  Is  therefore  restricted  to  highlighting  the  main  accomplishments. 

^Dielectric  relaxation  studies  —  ^ 

S^Solute  molecules  containing  dipole  moments  have  been  used  In  order  to 
obtain  Information  on  the  location  of  molecules  In  polyethylene/^Several 
different  types  of  oriented  polyethylene  were  used  Including  drawn  film, 
extruded  rod  and  single  crystal  texture  material  produced  by  slit  extrusion 
and  high-pressure  annealing.  Each  polymer  type  was  studied  In  the  undoped 
state  first.  Studies  showed,  at  a  very  early  stage,  that  the  a-loss  process 
known  to  be  associated  with  Internal  motions  of  the  crystalline  phase  was 
totally  unaffected  by  the  presence  of  dipolar  solutes.  This  result 
demonstrated  clearly  that  proposed  mechanisms  of  orientation  Involving  the 
solute  entering  Into  the  polyethylene  crystals  were  not  valid.  All  possible 
orientation  mechanisms  were  reviewed  leading  to  the  conclusion  that  oriented 
adsorption  of  solute  molecules  on  the  surfaces  of  microfibrillar  crystals  was 
the  most  likely  mechanism. 

Major  dielectric-relaxation  peaks  were  observed  at  low  temperatures.  Two 
peaks  were  often  noted,  one  in  the  vicinity  of  the  y~1oss  process  of 
polyethylene  and  a  lower  temperature  peak  labelled  6.  Both  peaks  are  related 


t 


to  the  Individual  notion  of  the  molecules,  the  6  peak  reflecting  a  relatively 
Immobile  state  below  the  glass  temperature  of  the  polymer  and  hence  Indicating 
the  motion  of  the  molecule  within  Its  'cage1.  The  y-process  occurs  when  the 
molecules  become  liberated  due  to  the  onset  of  polymer  chain  mobility  at  the 
glass  transition.  The  temperature  location  of  both  peaks  depends  on  molecular 
size  showing  that  the  onset  of  mobility  In  the  polymer  chains  Is  a  gradual 
process  successively  larger  sections  being  able  to  cooperately  rearrange  as 
temperature  Is  Increased. 

Quantitative  analyses  of  peak  Intensities  showed  that  only  a  fraction  of 
the  solute  molecules  were  liberated  during  these  processes.  Therefore  either 
molecules  were  Immobilized  through  some  form  of  strong  adsorption  or  were 
located  on  sites  In  which  orientation  by  the  electric  field  was  Impossible. 
Studies  of  oriented  rod  specimens  In  which  experiments  could  be  carried  out 
both  parallel  and  perpendicular  to  the  orientation  direction  were  expected  to 
resolve  the  problems.  Experimentation  Is  complete  but  analysis  Is  still 
underway.  The  fraction  of  'lost'  molecules  Is  greater  for  oriented  film 
compared  to  unoriented  film  and  also  for  the  better  oriented  molecules. 

Studies  on  solutes  In  single  crystal  texture  polyethylene  showed  almost  total 
Immobilization  of  orlentable  solutes. 


DSC  and  spectroscopic  studies 

S^FTIR  and  polarized  UV  spectroscopic  studies  have  been  enlightening  for 
acridine  In  polyethylene.  UV  studies  showed  the  presence  of  microcrystals  In 
oriented  film  at  relatively  low  concentrations  but  of  Isolated  molecules  In 


unoriented  film  at  even  high  concentrations.  Differential  scanning 


calorimetry  has  demonstrated  the  presence  of  microcrystals  of  acridine  also. 

In  both  stretched  sheets  and  extruded  rod  samples.  The  oriented  microcrystals 
of  acridine  are  likely  to  have  grown  epitaxially  on  the  surfaces  of 
polyethylene  microcrystals  produced  by  drawing.  It  Is  known  that  polyethylene 
and  anthracene  are  epitaxially  compatible  and  studies  of  the  growth  of 
polyethylene  on  anthracene  have  now  been  reported  In  the  literature.  Current 
studies  are  aimed  at  showing  that  acridine  can  epitaxially  crystallize  on 
specially  grown  films  of  polyethylene  having  the  (110)  crystal  faces 
exposed.  It  now  seems  clear  that  the  orienting  mechanism.  In  the  case  of  well 
oriented  solute  molecules.  Is  epitaxial  crystallization  on  the  exposed  (110) 
faces  of  polyethylene  microfibrillar  crystals. 

Electron  microscopic  studies*,  - - - 

A  good  test  of  tne  adsorptlon/epltaxlal  crystallization  processes  would 
be  to  vary  the  diameter  of  the  microfibrils.  Such  a  procedure  would  result  In 
a  change  In  the  (110)  surface  area  per  unit  volume  sample  and  hence  a  change 
In  the  fraction  of  molecules  oriented  for  a  given  concentration.  Since  It  Is 
not  known  how  to  alter  the  microfibrillar  diameter,  morphological  studies  of 
the  drawing  process  have  been  carried  out  for  specimens  of  Initially  different 
morphologies.  Permanganic  etching  followed  by  surface  replication  and 
transmission  electron  microscopy  proved  to  be  a  powerful  technique  producing 
very  detailed  Information  on  the  transformation  process  not  previously 
available.  Ue  have  recently  shown  that  the  mlcroflbrllar  size  can  be  changed 
by  varying  the  Initial  crystallization  temperature  but  have  not  yet  been  able 
to  carry  out  the  necessary  spectroscopic  studies  mentioned  at  the  beginning  of 


this  section 


Transmission  electron  microscopic  studies  of  oriented  thin  films  have 
also  been  carried  out.  It  proved  Impossible  to  see  acridine  crystals  Inside 
the  film  but  studies  of  crystals  grown  epitaxially  on  the  film  surfaces  could 
be  carried  out. 

More  studies  are  needed  for  additional  solute  molecules  In  order  to  learn 
the  extent  of  applicability  of  the  epitaxial  mechanism.  However,  studies  of  a 
molecule  of  similar  size  to  acridine  which  would  have  difficulty  In 
crystallizing  epitaxially,  9-bromoanthracene,  show  that  It  cannot  be  oriented 
nearly  as  efficiently  by  stretched  polyethylene. 

Solute  orientation  factors  from  spectral  measurements  — 

The  orientation  distribution  functions  of  solutes  In  uniaxial ly  stretched 
polyethylene  can  be  characterized  by  their  momentsC  The  second  moments  of 
this  function  have  been  obtained  from  measurements  of  uv  linear  dlchrolsm  for 
over  a  hundred  aromatic  molecules  and  Independently  from  measurement  of  linear 
1r  dlchrolsm  for  well  over  50  aromatic  and  non-aromatic  molecules  ranging  from 
molecules  as  small  as  triatomics  to  molecules  as  large  as  tricyclic  aromatics, 
such  as  acridine.  Both  the  second  and  the  fourth  moments  of  the  orientation 
distribution  function  were  obtained  for  four  aromatic  molecules  by  combining 
measurements  of  linear  dlchrolsm  In  the  uv  and  1r  with  fluorescence  studies  In 
the  uv  and  visible  regions.  2-Fluoropyrene  has  thus  become  the  first  molecule 
for  which  all  five  independent  second  and  fourth  transition  moments  have  been 
determined  In  a  uniaxial  medium  of  any  kind. 

From  these  results  a  considerable  amount  of  Information  on  structure- 


orientation  relationships  was  derived.  These  were  further  supported  by 
computer  simulations  using  empirical  Intermolecular  Interaction  potentials. 


The  comparison  of  second  and  fourth  moments  demonstrated  that  the  orientation 
distribution  function  of  the  larger  aromatics  peaks  sharply  about  the  most 
probable  orientation.  This  Is  compatible  with  the  notion  that  the  bulk  of  the 
solid  molecules  present  in  stretched  polyethylene  are  present  In  well-defined 
orientations  located  on  the  faces  of  the  microcrystal line  regions. 

■'  i  V 

Dynamic  aspects  of  orientation; 

A  time-resolved  polarized  spectrofluorlmeter  was  constructed  and  put  Into 
operation.  In  recent  months  results  have  been  obtained  on  the  motion  of  2- 
fluoropyrene  In  stretched  polyethylene  as  a  function  of  temperature.  So  far 
only  the  limiting  cases  of  essentially  no  motion  or  very  fast  motion  on  the 
nanosecond  time  scale  of  the  Instrument  have  been  Investigated.  The  latest 
experiments  are  aimed  at  Investigation  of  motion  at  temperatures  at  around 
-60*  C,  believed  to  be  appropriately  matched  to  the  ~  200  ns  fluorescence 
lifetime  of  the  molecule.  A  detailed  analysis  will  be  possible  only  after  the 
results  are  collected. 

In  a  very  different  regime  of  much  lower  temperatures  and  much  slower 
motions  we  have  Investigated  both  the  rotational  and  the  translational 
diffusion  of  the  solid  molecules  by  1r  linear  dlchrolsm  spectroscopy.  The 
rotational  ability  of  low-symmetry  molecules  was  clearly  seen  to  be 
anisotropic.  For  a  spherical  molecule  of  the  size  of  adamantane  rotation  In 
stretched  polyethylene  becomes  rapid  on  the  time  scale  of  seconds  at  about  140 
K.  Translational  diffusion  was  followed  by  the  dimerization  of  a  reactive 
Intermediate  produced  photochemlcally  at  low  temperature.  The  dimerization 
rates,  believed  to  be  diffusion  controlled,  were  a  sensitive  function  of 
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solute  size  and  a  detailed  research  program  for  a  systematic  Investigation  of 
both  rotational  and  translation  mobility  In  stretched  and  Isotropic  polymer 
materials  has  been  proposed. 

Solute  conformations 

— —  W 

It  has  been  possible  to  utilize  measurements  of  1r  linear  dlchrolsm  to 
study  molecular  conformations  In  several  Instances.  These  were  biphenyl, 
which  was  found  to  be  planar  In  stretched  polyethylene,  while  4,4'- 
dlbromobl phenyl  Is  twisted,  progesterone,  for  which  the  conformation  of  the 
acetyl  group  was  determined,  and  trlphenylene  which  was  shown  to  be  slightly 
nonplanar.  Results  such  as  these  are  of  considerable  Interest  for  the 
understanding  of  shapes  and  activity  of  organic  molecules. 


"V  Spectroscogy,  Qt  >  ^  i  rva^V\or\  ‘if\  c 

Assignments  of  vibrational  symmetries  have  been  made  for  a  large  number 
of  transition  In  a  series  of  molecules  ranging  from  triatomics  to  large 
aromatics,  based  on  linear  dlchrolsm  In  the  1r  region.  The  method  for  these 
determinations  has  been  developed  to  considerable  degree  and  It  Is  now 
possible  to  perform  such  measurements  rapidly  and  reliably.  This  represents  a 
significant  advance  In  the  analysis  of  molecular  vibrations,  particularly  for 
large  molecules  which  cannot  be  conveniently  studied  In  the  gas  phase.  As  a 
part  of  this  Investigation  the  first  direct  polarization  direction  of  an  1r 
transition  of  a  metastable  state  of  an  aromatic  (acridine)  has  been  performed. 

In  addition  It  was  discovered  that  the  molecular  environment,  even  In 
non-polar  media,  can  have  a  very  large  effect  on  the  uv  transition  moment 
directions  for  weak  transitions.  This  was  demonstrated  reliably  both  by 

**  »mt3  Om  oc  t  \<0 
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measurements  In  stretched  polyethylene  and  In  a  glassy  organic  solvent, 
3-methyl  pentane.  The  significance  of  these  results  Is  severalfold.  First, 
they  account  for  the  repeated  failure  to  reach  theoretical  polarization  ratio 
values  In  photoselectlon  experiments  performed  In  many  laboratories  over  the 
last  few  decades  on  molecules  with  such  weak  transitions,  such  as  many 
aromatics.  Second,  although  the  ease  with  which  the  weak  transition  moments 
are  twisted  Is  a  nuisance  when  It  comes  to  symmetry  assignments  of  electronic 
transitions.  It  can  conversely  be  viewed  as  an  extremely  sensitive  probe  for 
solute  -  solvent  Interactions,  to  be  exploited  In  the  future.  Finally,  third, 
the  discovery  served  as  an  Important  warning  signal  for  work  using  molecules 
such  as  pyrene  derivatives  as  environmental  probes  In  membranes,  micelles, 
etc.,  since  the  dynamic  measurements  of  their  motion  by  the  time-resolved 
fluorescence  polarization  technique  will  be  distorted  by  the  effects  due  to 
the  sol  vent- Induced  transition  moment  twisting. 

Summary 

In  conclusion,  significant  advances  resulted  from  this  work,  both  In  the 
understanding  of  polymer-solute  Interactions  and  In  the  understanding  of 
solute  properties. 


■■■■•s' 
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